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Correlations between intrinsic galaxy shapes on large-scales arise due to the effect of the tidal
field of the large-scale structure. Anisotropic primordial non-Gaussianity induces a distinct scale-
dependent imprint in these tidal alignments on large scales. Motivated by the observational finding
that the alignment strength of luminous red galaxies depends on how galaxy shapes are measured,
we study the use of two different shape estimators as a multi-tracer probe of intrinsic alignments.
We show, by means of a Fisher analysis, that this technique promises a significant improvement
on anisotropic non-Gaussianity constraints over a single-tracer method. For future weak lensing
surveys, the uncertainty in the anisotropic non-Gaussianity parameter, A2, is forecast to be σ(A2) ≈
50, ∼ 40% smaller than currently available constraints from the bispectrum of the Cosmic Microwave
Background. This corresponds to an improvement of a factor of 4− 5 over the uncertainty from a
single-tracer analysis.
1. INTRODUCTION
The next generation of galaxy surveys will mine the cos-
mological information in the large-scale structure of the
Universe with unprecedented precision in the quest to con-
strain the nature of “dark energy”, the mysterious force
behind the accelerated expansion of the Universe. Two of
the most promising probes of the growth history of the Uni-
verse are the clustering of galaxies and their gravitational
lensing by intervening matter along the line of sight. The
deviations of photons from their otherwise straight path
produced by lensing result in changes in the ellipticities of
galaxies of order 1%.
Aside from gravitational lensing, the tidal field of the
large-scale structure of the Universe can also modify the
shapes and orientations of galaxies. These “intrinsic align-
ments” have been clearly detected for luminous red galax-
ies up to z ∼ 1 [1–6], with an alignment bias that depends
on luminosity. Recently, Ref. [7] showed that the alignment
strength also changes when different regions of a galaxy are
probed. Their results suggest that the outskirts of galaxies
are more sensitive to the tidal field, with their isophotes
twisting more efficiently in the direction of other galaxies
[8, 9]. Alignments of red galaxies have also been clearly
identified in cosmological hydrodynamical simulations, in-
cluding the radial dependence of alignment strength [10–
13].
While intrinsic alignments are widely regarded as con-
taminants to weak gravitational lensing [14–20], recent
work has started to explore them as a cosmological probe
in their own right [21–23]. The “linear tidal alignment
model” [24, 25] provides a good description of the scale
and redshift dependence of intrinsic alignments on scales
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& 10 Mpc/h. In [23], hereafter SCD15, we explored the
potential of intrinsic alignments as a probe of inflation; in
particular, through the scale-dependent bias in the statis-
tics of intrinsic galaxy shapes that arises in the presence
of anisotropic non-Gaussianity in the early universe. Con-
straints on this type of non-Gaussianity are inaccessible
through two-point correlations of galaxy clustering, and
they probe: primordial curvature perturbations generated
by large-scale magnetic fields [26, 27], the presence of
higher spin (spin 2) fields during inflation [28–32], infla-
tionary models with a generalized bispectrum from excited
Bunch-Davies vacuum [33–35], vector fields [36–39] and
solid inflation [40].
Assuming scale invariance, the squeezed-limit bispec-
trum of the primordial Bardeen potential perturbation φ
can in general be expressed as [41]
Bφ(k1,k2,k3 = kL) =
∑
ℓ=0,2,...
AℓPℓ(kˆL · kˆS)
(
kL
kS
)∆
(1)
×Pφ(kL)Pφ(kS)
[
1 +O
(
k2L
k2S
)]
,
where k3 = kL ≪ k1, k2 while kS = k1 − kL/2 and
k1 + k2 + kL = 0 from statistical homogeneity, Pℓ are
the Legendre polynomials, and Aℓ are dimensionless am-
plitudes which are allowed to be non-zero only for even ℓ
in the squeezed limit. The coefficient A0 is related to the
usual local non-Gaussianity parameter f locNL via A0 = 4f
loc
NL.
Intrinsic alignments constrain the parameter that gov-
erns the quadrupolar dependence of the bispectrum, A2.
As in SCD15, we will focus on the “local” scaling with
∆ = 0. Our results are easily generalizable to other values
of ∆, which might be of particular relevance for massive
higher-spin fields, since in de Sitter space their masses are
bounded from below by a unitarity condition known as the
“Higuchi bound” [32].
2In SCD15, we showed that constraints on anisotropic
non-Gaussianity are complementary to those derived from
the Cosmic Microwave Background (CMB) bispectrum
[42], but probing smaller scales. Current constrains from
Planck for the anisotropic non-Gaussianity parameter are
A2 = −16 ± 86 from temperature information only, or
A2 = 6±74 including preliminary polarization information
(1σ, Table 25 of [43]). Ref. [44] explored the potential con-
straints on A2 from biased tracers in future radio surveys.
In their optimistic scenario, an uncertainty of ∆A2 = 250
could be reached with the Square Kilometer Array if the
redshift distribution of the sources can be inferred through
cross-correlations with samples of known redshift. This
constraint is not competitive with the CMB because the
leading contribution to the scale-dependent bias of tracer
counts cancels for anisotropic primordial non-Gaussianity,
as mentioned above.
Future galaxy surveys, such as Euclid1 and the Large
Synoptic Survey Telescope (LSST2), will gain constrain-
ing power on cosmological parameters from applying the
so-called “multi-tracer” technique [45, 46]. This technique
combines tracers of the same underlying density field, with
different bias parameters, to reduce the impact of cos-
mic variance. Note that this cosmic variance cancellation
only applies to scale-dependent features in the statistics of
these tracers. The application of this technique to mea-
sure “ultra-large scale” observables, for example, general
relativistic effects and non-Gaussianity of the local type,
fNL, is particularly promising with future surveys [47–50].
In this work, we explore how the combination of intrin-
sic alignments measured from different regions of a galaxy,
combined in a multi-tracer technique, can enhance con-
straints on anisotropic non-Gaussianity. We show that er-
ror bars can be significantly smaller than when estimated
from a single-tracer method. The main result of this pa-
per is the reduction of the uncertainty in the anisotropic
non-Gaussianity parameter, A2, to ∼ 22% of the single-
tracer value when the multi-tracer technique is applied
to red and blue galaxies in LSST. This corresponds to a
∼ 40% smaller uncertainty on A2 than currently avail-
able CMB constraints on anisotropic non-Gaussianity. We
also show that constraints from Euclid will attain a similar
precision.
This work is organized as follows. In Section 2, we
summarize the tidal alignment model and its relation to
anisotropic non-Gaussianity during inflation. In Section
3, we describe the future surveys we consider for fore-
casting constraints on anisotropic non-Gaussianity from
alignments. Section 4 describes the forecasting method,
followed by the results in Section 5. In Section 6, we dis-
cuss the assumptions of our work and we suggest direc-
tions for future improvement. We conclude in Section 7.
1 http://sci.esa.int/euclid/
2 http://www.lsst.org/lsst/
Throughout, we assume the following Planck [51] fiducial
flat ΛCDM cosmology: Ωbh
2 = 0.022, ΩCDMh
2 = 0.12,
h = 0.67, ΩK = 0, As = 2.2×10
−9, ns = 0.9645, kp = 0.05
Mpc−1 and we define Ωm = Ωb +ΩCDM.
2. INFLATION & INTRINSIC ALIGNMENTS
A. Gaussian and non-Gaussian alignments
In a Gaussian universe and on linear scales, the two
components of the intrinsic galaxy shape are related to
the tidal field via [24]
(γI+, γ
I
×
) = bI
(
k2x − k
2
y, 2kxky
)
k2
δ, (2)
where bI is a luminosity- and redshift-dependent bias that
links the response of the galaxy ellipticity to the underly-
ing tidal field of the large-scale structure. The + compo-
nent represents alignments tangential or orthogonal with
respect to the separation vector. The × component is
45 deg rotated with respect to +. We will ignore the ×
component in this analysis, as it is null for both Gaus-
sian and non-Gaussian initial conditions on linear scales
(SCD15). Further, any stochasticity in the bias relation
Eq. (2) only contributes at nonlinear order (we of course
include the lowest order stochastic contribution, namely
shape noise).
The model Eq. (2) applies to elliptical galaxies pressure-
supported by the random orbits of their stars. On the
other hand, disc galaxies are expected to be subject to
alignments through a different mechanism: torques from
the tidal field acting on their angular momentum. This im-
plies that the linear alignment of the type Eq. (2) is absent
[24, 52], so that large-scale alignments of late-type galaxies
are expected to be highly suppressed on linear scales. For
the purpose of this work, we will focus on elliptical align-
ments alone. Moreover, we will assume in general that
elliptical galaxies can be identified by selecting on their
red color, as a consequence of evolved stellar populations
and low star formation rates. An important observational
result is that outer or inner regions of a galaxy are more
or less sensitive to the tidal field, resulting in different
bI values depending on the ellipticity estimator adopted
[7, 10, 12, 13].
The effect of anisotropic non-Gaussianity on the primor-
dial potential perturbation during matter domination is
to modify the tidal field acting on biased shape tracers
through the presence of additional anisotropic long-scale
modes. This is analogous to the effect of isotropic non-
Gaussianity on galaxy clustering [53–56], but acting on
galaxy shapes. In SCD15, we showed that anisotropic
non-Gaussianity generates a scale-dependent bias in the
+ component of intrinsic galaxy shapes. In the presence
3of anisotropic non-Gaussianity, bI transforms to
bI → bI + 3b
NG
I A2M
−1(k, z), (3)
where M describes the relation between δ and primordial
potential φ,
M(k, z) =
2
3
k2T (k)D(z)
ΩmH20
, (4)
H0 is the current value of the Hubble constant, T (k) is
the matter transfer function at z = 03, and bNGI is a
bias that quantifies the response of a galaxy shape to an
anisotropic initial power spectrum of small-scale density
perturbations. In SCD15, we adopted a value of bNGI that
scales with bI(z), specifically
bNGI = b˜
NG
I bI(z)
D(z)
D(0)
(5)
and we set b˜NGI = 1. We will keep explicit track of b˜
NG
I
in the analysis to highlight that intrinsic alignments are,
in reality, sensitive to the product b˜NGI A2, rather than A2
alone.
On the other hand, gravitational lensing by the large-
scale structure also contributes to modifying the ellipticity
of a galaxy (with a shear γG), stretching it tangentially
around a foreground overdensity. With the adopted sign
convention, gravitational lensing sources a positive + el-
lipticity around an overdensity, while for bI < 0 intrinsic
alignments source a negative + ellipticity around the same
overdensity and A2 > 0 enhances the alignment towards a
more negative signal. The overall ellipticity is given by
γ = γI + γG + γrnd (6)
where γrnd is a stochastic component uncorrelated with
large-scale perturbations (and in particular γI , γG). In
this work, we assume that two estimators γ(1), γ(2) are
available for each galaxy image, which, given the same
lensing effect, differ in their intrinsic alignment contribu-
tion only. On large scales, we can assume the shot noise
to be small and in the presence of non-Gaussianity with
A2 6= 0,
γ(1)
γ(2)
=
γI,(1) + γG
γI,(2) + γG
(7)
Note that since we assume that both the Gaussian and
non-Gaussian component of the alignment bias are simply
proportional to bI , the ratio between different shape trac-
ers is scale dependent only due to the presence of lensing.
This allows us to use two different alignment tracers to
obtain improved constraints on A2 compared to a single
alignment tracer. On the other hand, different values of
b˜NGI for two alignment tracers could allow constraints on
A2 from alignments alone. The intrinsic alignment sig-
nal can be isolated from lensing through galaxy position-
galaxy shape correlations when spectroscopic redshift in-
formation is available, i.e., galaxies are aligned towards
tracers of the tidal field at the same redshift. The multiple-
tracer technique, applied to constraining A0 from cluster-
ing alone, does not suffer from this problem, because there
the non-Gaussian bias bnNG scales as b
n
1 − 1. In that case,
the ratio of the clustering bias is directly sensitive to A0.
B. Angular power spectra
Intrinsic alignments can be best constrained from the
cross-correlation of galaxy positions and galaxy shapes.
On linear scales, the angular cross-spectrum between po-
sitions and shapes is given by
Cnγ(l) =
2
π
√
(l − 2)!
(l + 2)!
∫
dk k2Pm(k)
[
F Il (k) + F
G
l (k)
]
Fnl (k) ,
(8)
where Pm is the linear matter power spectrum today, the
relevant lensing (G), alignment (I) and clustering (n) ker-
nels are
FGl (k) =
1
2
(l + 2)!
(l − 2)!
∫ χmax
0
dχ k2DΦ(k, z(χ))
jl(x)
x2
χ
∫ χmax
χ
dχ˜H(χ˜)
dNG
dz
(χ˜− χ)
χ˜
, (9)
F Il (k) =
(l + 2)!
(l − 2)!
∫
dz
dNred
dz
[
bI + 3b
NG
I A2M
−1(k, z)
] D(z)
D(0)
[
jl(x)
x2
]
x=kχ(z)
, (10)
Fnl (k) =
∫
dz
dNn
dz
D(z)
D(0)
[
bn1 +
1
2
bnNGA0M
−1(k, z)
]
jl(x)
∣∣∣
x=kχ(z)
, (11)
3 The matter power spectrum and transfer function for the adopted
4dNG/dz is the redshift distribution of source redshifts,
dNn/dz is the redshift distribution of clustering redshifts,
dNred/dz is the redshift distribution of red (aligned) galax-
ies, and DΦ is given by
DΦ(k, z) =
3H20Ωm
k2
(1 + z)D(z)
D(0)
. (12)
Here, bn1 is the clustering bias, and we assume the standard
universal mass function prediction for the scale-dependent
bias due to isotropic non-Gaussianity, bnNG = (b
n
1 − 1)δc
where δc = 1.686 is the critical density. In order to break
the degeneracy between A0 and A2, which yield similar
contributions to Cnγ(l), we also use the autocorrelation
of galaxy number counts. The clustering angular power
spectrum is given by
Cnn(l) =
2
π
∫
dk k2 Pm(k)|F
n
l (k)|
2 . (13)
In addition, the shape-shape correlation, which includes
both the effects of lensing and alignments, and their cross-
correlations, is given by
Cγγ(l) =
2
π
(l − 2)!
(l + 2)!
∫
dk k2 Pm(k)|F
I
l (k) + F
G
l (k)|
2 .(14)
For all angular power spectra, we adopt the Limber ap-
proximation [58] for multipoles larger than l = 50.
3. FUTURE LARGE-SCALE STRUCTURE
SURVEYS
Several experiments will see first light in the next decade
with the goal to survey large contiguous areas of the sky.
Constraints on anisotropic non-Gaussianity from align-
ments will particularly benefit from large angular cover-
age, as the number of Fourier modes probed increases as
fsky, where fsky is the fractional sky coverage. The in-
creased depth of this next generation of surveys will also
greatly improve on the cosmological volume accessible to
current surveys by probing higher redshifts. We consider
here two such experiments: LSST (from the ground) and
Euclid (in space). LSST has slightly increased depth and
probes higher redshifts than Euclid; but the latter benefits
from a more stable point spread function for measuring
galaxy ellipticities, free from atmospheric smearing.
cosmology in this work are obtained with the publicly available
software CAMB [57].
A. Large Synoptic Survey Telescope
LSST will constrain dark energy from gravitational lens-
ing in the redshift range from z = 0.1 to z = 3 over 18, 000
sq. deg. The ‘gold sample’ of LSST galaxies with signal-
to-noise ratio > 20 and measured shears will be used for
this measurement [59]. This sample will have ∼ 26 galax-
ies per arcmin2 to an effective i-band limiting magnitude
of 25.3 (AB). We adopt the redshift distribution from [59]
in their fiducial scenario (Table 2), which has a median
redshift of zm = 0.83. We assume that the root-mean-
square dispersion of the ellipticities (“shape noise”) will
be approximately σSN = 0.26 per component.
B. Euclid
For Euclid, we assume the same characteristics as
adopted in [19]. The area of the sky covered is 15, 000
sq. deg. The limiting magnitude in the r-band is 24.5,
allowing for a redshift coverage of z = 0 to z = 2.5. The
number of galaxies with shapes is 30 per arcmin2. The
redshift distribution of the sources is ∝ z2 exp[−(z/z0)
3/2]
with a mean of 〈z〉 = 0.8. We assume the same shape noise
as for LSST.
C. Red fraction & intrinsic alignments
We consider red galaxies as a proxy for elliptical galax-
ies subject to alignments. To model the red fraction as a
function of redshift and luminosity we follow the approach
outlined in the appendix of [4]. Given current observa-
tional constraints on the luminosity function of red galax-
ies, we estimate the redshift distribution of red galaxies,
dNred/dz, and the red fraction as
fred(z) =
dNred/dz
dNG/dz
, (15)
where dNG/dz is the redshift distribution of the galaxies
with shapes in each lensing survey.
The intrinsic alignment bias [Eq. (2)] is parameterized
following standard convention as
bI = −AI(Lr)C1ρcrit,0Ωm
D(0)
D(z)
(16)
where D(z) is the growth function of the matter pertur-
bations, C1ρcrit,0 = 0.0134 is adopted by convention to
match low redshift results [1], and AI is a luminosity-
dependent amplitude fixed to current observations. For the
luminosity-dependent amplitude of intrinsic alignments of
Eq. (16), we adopt
AI(Lr) = 5.76
(
Lr
L0
)1.13
, (17)
5where Lr is the average r-band luminosity at a given red-
shift and L0 is a pivot luminosity; this AI(Lr) was mea-
sured by [4] from Luminous Red Galaxies (LRGs) in the
Sloan Digital Sky Survey (SDSS, [60]). Other observational
constraints have been obtained by Ref. [6], and are compa-
rable. This will be our first and fiducial alignment tracer.
We will also consider a second tracer, with a value of A
(2)
I
that is 40% higher than the fiducial one. This is inspired
by the observational results of [7], who find 40% difference
in alignment measurements of SDSS galaxies using isopho-
tal shapes [61] and shapes optimized for lensing [62, 63].
The authors of [7] interpreted this enhancement as a more
efficient orientation of the outer isophotes of galaxies to-
wards other massive galaxies. This could be a consequence
of an enhanced tidal interaction of the large-scale structure
with less tightly bound stars in the outskirts of galaxies.
Notice that we assume that this difference between align-
ment estimators also applies to the non-Gaussian term of
the alignment bias, i.e., to bNGI . The results are sensitive
to this assumption, as will be discussed in Section 6.
Following observational constraints from [5, 64], we will
assume that disc (blue) galaxies do not exhibit detectable
alignment on large scales. We model the fraction of blue
galaxies as fblue(z) = 1 − fred(z). The red fraction, as a
function of redshift is shown in Figure 1. Effectively, given
the steepness of the red luminosity function with redshift
[65], at z & 1.4, all galaxies are blue. For an LSST-like
survey, we find that ∼ 2.6 galaxies per sq. arcmin. are red
and subject to alignments. For Euclid, this number drops
to ∼ 1.6 galaxies per sq. arcmin. Euclid is more shallow
than LSST, which results in an increased fraction of red
galaxies at low redshift.
For red galaxies, we assume a fiducial clustering bias of
bredg = 2. For blue galaxies, we adopt an average clustering
bias over the redshift range of the survey following the
prescription of [50]. In practice, the clustering bias is very
close to bblueg = 2 for both Euclid and LSST with this
prescription.
4. FISHER ANALYSIS
In SCD15, we used red galaxies from LSST to con-
strain b˜NGI A2 using a combination of clustering (n
rednred),
galaxy-shape correlations (nredγred(1) ) and shape-shape cor-
relations (γred(1) γ
red
(1) ). Clustering and galaxy-shape corre-
lations are sensitive to A0 via the clustering bias of the
galaxy tracers. Galaxy-shape and shape-shape correlations
are sensitive to b˜NGI A2 via intrinsic alignments. Gravita-
tional lensing also contributes to galaxy-shape and shape-
shape correlations and it is, in fact, dominant over align-
ments.
In this work, we extend the analysis performed in SCD15
to include the galaxy-shape and shape-shape correlations
of a second intrinsic alignment tracer and between the two
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Figure 1. Fraction of red galaxies in LSST (black) and Eu-
clid (red) as a function of redshift. The legend indicates the
corresponding magnitude limits of the surveys.
alignment tracers. We will assume that the gravitational
lensing effect is the same for the two (that is, we assume
that the shear responsivity for each shape estimator has
been taken into account). We will also consider the clus-
tering, galaxy-shape and shape-shape correlations of the
blue galaxies in the survey. While these are insensitive to
b˜NGI A2, they provide constraints on the normalization of
the matter power spectrum, σ8, and on A0. Finally, we
will consider the impact of including the cross-correlation
of blue galaxy positions with the red galaxy shapes for the
two shape estimators. These cross-correlations provide ad-
ditional constraints on both A0 and b˜
NG
I A2. The complete
data vector of the 15 auto- and cross-correlations between
5 observables is
D =
{
CXY (l) ,
with XY ∈
{
nrednred, nredγred(1) , γ
red
(1) γ
red
(1) ,
nredγred(2) , γ
red
(1) γ
red
(2) , γ
red
(2) γ
red
(2) ,
nbluenblue, nblueγblue, γblueγblue,
nrednblue, nblueγred(1) , n
blueγred(2) ,
nredγblue, γred(1) γ
blue, γred(2) γ
blue
}}
(18)
where nblue refers to the positions of the blue galax-
ies, γred(2) is the second alignment tracer, and γ
blue are
the shapes of the blue galaxies (sensitive only to grav-
itational lensing). Adopting a flat ΛCDM cosmology,
the set of parameters to constrain using this data vec-
tor is S = {A0, b˜
NG
I A2, σ8, b
red
g , b
blue
g , C1ρcrit,0, b
r
IC1ρcrit,0},
where brI is the relative alignment bias of the two trac-
ers. In addition we adopt a prior on σ8 from Planck, i.e.,
σ8 = 0.831 ± 0.013 [51, Table 3, column 4]. We do not
6include other cosmological parameters such as Ωm, H0 in
our Fisher forecast. This is justified because we are inter-
ested in constraints on b˜NGI A2 and A0, which are deter-
mined by very large-scale correlations. On the other hand,
Ωm, H0 will be very well constrained from the shear two-
point functions on small scales, in addition to independent
probes such as baryon acoustic oscillations.
Position and shape auto-correlations of the same tracer
are subject to shot noise, while correlations of positions
and shapes of the same tracer could be subject to corre-
lated noise. For example, for blue galaxies, the correlated
noise is given by Nnblueγblue = rnσSN/n¯
blue, where n¯blue
is the surface density of blue galaxies per steradian. This
correlated noise term is expected to be very small because
the shape noise is dominated by the intrinsic dispersion in
the ellipticities of galaxies, and is thus independent at first
order of the fluctuations in galaxy number counts across
the survey. Changing the value of rn does not have a signif-
icant impact on the results. We will consider the noise to
be uncorrelated (rn = 0); and analogously for red galaxies.
On the other hand, the γred(1) and γ
red
(2) cross-correlation is
also subject to noise, as it results from two different shape
estimators being applied to the same galaxy. We define
the correlation coefficient of the noise between the shape
tracers, r
(γ)
n , such that Nγred
(1)
γred
(2)
= r
(γ)
n σ2SN/n¯
red. The
value of r
(γ)
n , ranging from 0 to 1, can have significant im-
pact on the cosmological constraints derived in this work.
Note that correlated noise can in fact be beneficial: for two
random variates A and B, the ratio A/B [cf. Eq. (7)] has
a smaller variance if they are positively correlated than in
the uncorrelated case.
The covariance between two angular power spectra is
given by
Cov[Cαβ(l), Cγδ(l)] =
Cαγ(l)Cβδ(l) + Cαδ(l)Cβγ(l)
(2l + 1)fsky
(19)
where the indices {α, β, γ, δ} run over number densities
and shapes of the blue and red galaxies, including the first
and second intrinsic alignment tracer. The contribution
of the noise is taken into account in the angular power
spectra.
The cosmological information is described by the Fisher
matrix [66], given by
Fµν =
∑
l
∂D(l)
∂pµ
Cov−1(l)
∂D(l)
∂pν
(20)
where Cov is the covariance matrix and ∂p indicates the
partial derivative with respect to the parameters of in-
terest, µ and ν. These derivatives are obtained analyti-
cally from the expressions for Cαβ(l), but the integration
from Fourier to harmonic space is carried out numerically.
The 1σ uncertainty in each parameter after marginaliz-
ing over all other parameters, are given by σµ,full−margin =
√
(F−1)µµ. Forecasted errors after marginalizing only over
the bias parameters and σ8 allow us to determine whether
degeneracies between A0 and b˜
NG
I A2 exist. If A0 and
b˜NGI A2 correspond to coordinates 1 and 2 of the Fisher
matrix, the partially-marginalized bounds result from the
following sub-matrix,
(G−1)i,j = [F
−1]i=[1,2],j=[1,2] (21)
and then the partially-marginalized uncertainties are
σi,part−margin = (Gii)
−1/2. (22)
5. RESULTS
Starting from red galaxies as the only clustering and
shape tracer, we find that the potential constraint on A2
from LSST over 2 < l < 600 is ∆(b˜NGI A2) =210 . The
corresponding constraint on A0 in this case is ∆A0 =43 .
For Euclid, a single-tracer approach using only red galaxies
yields: ∆(b˜NGI A2) =220 and ∆A0 =65 . The constraints
on both parameters are slightly worse than for LSST due to
the smaller number density of red galaxies and the smaller
cosmological volume at low redshift accessible through this
tracer for Euclid.
Adding tracers progressively, we consider the following
cases: the inclusion of a second shape tracer with brI = 1.4;
the inclusion of auto-correlations of blue galaxies; the in-
clusion of cross-correlations of blue galaxy positions and
red galaxy shapes. In each case, we vary r
(γ)
n to assess the
impact of correlated noise. The results are shown in Fig-
ure 2 for both surveys, where tracers are added from top
to bottom. The vertical dashed line indicates the corre-
lation coefficient of the noise r
(γ)
n estimated from the mea-
surements of [7]. The top panel of Figure 2 shows that
correlated noise improves the constraints on b˜NGI A2 when
two shape tracers subject to different alignment bias are
used. This is in line with the results obtained by [46].
When including blue galaxies, the situation becomes more
complicated, as they also contribute to cosmic variance
cancelation. This contribution apparently is more efficient
when the noise of the two alignment tracers is uncorrelated.
For significantly correlated noise however, the constraints
always improve for increasing r
(γ)
n .
We also show how sensitive the constraint on b˜NGI A2 is
as a function of maximum multipole included in the Fisher
calculation in the top panel of Figure 3. Most of the infor-
mation on non-Gaussianity comes from the largest scales,
as expected from the ∝ k−2 dependence of the alignment
bias [Eq. (3)]. This simplifies the modelling required to
extract the non-Gaussian signal, as a linear treatment of
intrinsic alignments is sufficient at these scales. On the
other hand, the details of the survey mask and Galactic
foregrounds can complicate the extraction of the signal.
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Figure 2. Forecasted constraints on A2 from LSST (solid) and
Euclid (dashed) as a function of the correlation coefficient of
the noise of the first and second alignment tracer, r
(γ)
n . The
top panel represents constraints from a single red tracer (red),
and the new results with the addition of a second alignment
tracer (black). The middle panel includes blue galaxy correla-
tions. The bottom panel includes the blue position-red shape
correlations. The blue dashed line labeled “SM16” refers to the
value of r
(γ)
n determined observationally by [7].
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Figure 3. Forecasted uncertainty in b˜NGI A2 from LSST as
a function of maximum (top) or minimum (bottom) multi-
pole probed. All cases include blue galaxies and their cross-
correlations with the red sample. For the top panel, we fix the
minimum multipole probed at l = 2. Constraints improve with
higher multipole, but the improvement as we approach nonlin-
ear scales becomes marginal. For the bottom panel, we fix the
maximum multipole probed to lmax = 600. The constraining
power increases for smaller lmin.
Restricting to a range 10 < l < 600, the potential con-
straints from LSST and Euclid in the case of multiple trac-
ers are ∆(b˜NGI A2) =94 and ∆(b˜
NG
I A2) =110 , respectively,
when the correlated noise is estimated from [7]. The de-
pendence on the choice of the minimum multipole probed
is shown in the bottom panel of Figure 3.
The parameters A0 and b˜
NG
I A2 are degenerate through
the position-intrinsic shape correlation, which is, on the
other hand, the observable that provides the tightest con-
straints on b˜NGI A2 by itself. A positive A0 produces an
enhancement of the clustering of red galaxies. Overall,
this produces an enhancement of the position-shape corre-
lation, as this observable is dominated by the contribution
of lensing, rather than alignments, and these have opposite
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Figure 4. Forecasted constraints on the (A0, b˜
NG
I A2) plane for Euclid. The top left panel represents the constraints from a single
red tracer. More tracers are incorporated to the right: a second shape tracer (top right panel), blue galaxies (bottom left panel)
and cross-correlations of red and blue galaxies (bottom right panel). The black, blue and red ellipses represent the 1, 2, 3σ contours,
respectively. In these figures, we assume a level of correlated noise consistent with [7].
signs. On the other hand, a positive b˜NGI A2 enhances the
alignments, reducing the galaxy-lensing power spectrum.
This effect is degenerate with a negative A0. A second
shape tracer is of help breaking the degeneracy between
A0 and b˜
NG
I A2, as the effect of the latter is now more eas-
ily isolated. This progression can be seen in the top panels
of Figure 4 for the Euclid survey.
Once blue galaxies are incorporated into the data vec-
tor, a second tracer of the lensing power spectrum is avail-
able. This acts to effectively isolate the position-intrinsic
shape correlation of red galaxies. As a result, A0 and
b˜NGI A2 become degenerate in the other direction, as can
be seen in the bottom left panel of Figure 4. A positive
A0 enhances the clustering bias of the red tracers, while a
positive b˜NGI A2 enhances their alignment. The constraints
improve overall, with little change in the degeneracy as
red and blue galaxy cross-correlations are added to the
data vector. In this ultimate case, red and blue positions
are sensitive to A0, while cross-correlations involving red
shapes improve b˜NGI A2. This is shown in the bottom right
panel of Figure 4. Note that the relative impact of the var-
ious cross-correlations on the final constraints on A0, A2
does depend on the fiducial bias parameters for number
counts and shapes.
Clearly, it would be interesting to investigate the use of
the multi-tracer approach to mitigate the impact of intrin-
sic alignments on other cosmological parameters. However,
by definition, sample variance cancelation only applies to
scale-dependent signatures so that we do not expect signifi-
cant direct improvements in σ8 or the dark energy equation
of state, for example.
96. DISCUSSION
We have explored the potential of a multi-tracer method
for constraining anisotropic non-Gaussianity with the
large-scale structure. This is the first application to intrin-
sic alignments of a method suggested originally by [45] for
galaxy clustering to improve constraints on isotropic non-
Gaussianity, typically parametrized by the fNL parameter
(∝ A0). Here, we have shown that the combination of two
different shape tracers for intrinsic alignments greatly im-
proves the constraint on the anisotropic non-Gaussianity
parameter, b˜NGI A2, from future galaxy surveys.
We expect the constraints on b˜NGI A2and A0 to improve
further if a tomographic approach is adopted. Modes along
the line-of-sight give additional information on A0, reduc-
ing the constraints significantly [50]. Moreover, tomogra-
phy helps in distinguishing intrinsic alignments from weak
lensing, as the alignments dominate the position-shape cor-
relation for galaxies in the same redshift bin.
Similarly to SCD15, we expect the constraints on
b˜NGI A2 to be sensitive to the evolution of the fraction of red
galaxies with redshift and selection effects on the galaxies
with shapes. In this work, the red fraction was deter-
mined based on current observational constraints on the
luminosity function of red galaxies and the expected red-
shift distribution of galaxies in the optical survey. This
estimate assumes that the red fraction is not significantly
affected by selection effects in LSST or Euclid (image sim-
ulations as in [59] would be required to improve on this
assumption). The current red galaxy luminosity function
constraints only reach up to z ∼ 1, much below the need
of future surveys, and have significant uncertainty. Based
on this data and extrapolating to higher redshifts, we find
that red sources are unavailable beyond z ∼ 1.4. If this
assumption does not hold, a population of aligned galaxies
at higher redshift could improve the constraints on b˜NGI A2.
Cosmological forecasts with intrinsic alignments should be
revisited as additional observational constraints and image
simulations become available.
Our adopted intrinsic alignment bias [Eq. (17)] and the
relative bias between the two alignment tracers rely on
low redshift observations [4, 6, 7]. Hydrodynamic cosmo-
logical simulations suggest the persistence of a red aligned
population at redshift as high as z = 3 [13], and a poten-
tial alignment signal for disc (blue) galaxies that increases
to high redshift. If observations confirm these trends, it
would be interesting to explore the impact of b˜NGI A2 on
blue galaxy alignments [14, 24, 67–69] and the extension
of the redshift coverage for red galaxies. This could have a
significant impact on b˜NGI A2 constraints. Ongoing galaxy
surveys, like the Dark Energy Survey4, the Kilo-Degree
4 http://www.darkenergysurvey.org
Survey5 and HyperSuprime-Cam6 are in a good position
to start testing some of these hypotheses.
The model applied in this work relies on a fully linear
treatment for the tidal alignment. On small scales, non-
linear contributions are observed [4, 6] and a perturbation
theory approach could be used to model them [70]. This
potential extension to the modeling is outside of the scope
of this work, but will be required to improve the constraints
on cosmological parameters by accessing nonlinear scales
in the future. Likewise, we have adopted a simple linear
bias model for galaxy clustering, but scale-dependence is
expected on small scales.
We have also investigated the impact of an external prior
on A0, for instance from the Euclid galaxy redshift survey.
However, even an aggressive prior of σ(A0) = 4, corre-
sponding to σ(fNL) = 1, only leads to a marginal improve-
ment on the constraint on A2 when all cross-correlations
are included. This is because the degeneracy between A0
and A2 in this case is actually quite weak (lower right panel
in Figure 4).
Constraints on b˜NGI A2 depend on the sensitivity of in-
trinsic shapes to an anisotropic power spectrum of initial
density perturbations. While we have assumed that this
response is similar in amplitude to the Gaussian alignment
mechanism, the impact of adding the second red tracer
varies depending on this assumption. If both alignment
tracers responded similarly to a primordial anisotropic
power spectrum, the second tracer in fact would not con-
tribute to enhance the constraints on b˜NGI A2. However, our
multi-tracer approach would still provide a significant im-
provement on b˜NGI A2 constraints compared to the single
tracer method, due to the contribution of blue galaxies.
These add information on A0, which is degenerate with
b˜NGI A2. Hydrodynamic simulations of galaxy formation
in the presence of an anisotropic initial power spectrum
would be needed to investigate the response of different
regions of a galaxy, i.e., different alignment estimators, to
anisotropic non-Gaussianity in the spectrum of initial den-
sity perturbations.
In Figure 2 we showed that the constraints on b˜NGI A2 are
sensitive to r
(γ)
n , the correlation coefficient between the
noise of the two shape tracers. For this work, we have
adopted a value of r
(γ)
n consistent with current intrinsic
alignments observations. However, the value of r
(γ)
n from
future surveys could be explored by using image simula-
tions that account for different shape measurement system-
atics, magnitude limit and varying galaxy populations.
5 http://kids.strw.leidenuniv.nl
6 http://www.naoj.org/Projects/HSC/index.html
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7. CONCLUSION
In the next decade, intrinsic alignments of galaxies
could provide constraints on inflation complementary to
the CMB bispectrum. Intrinsic shape estimators can be
more sensitive to tidal alignments towards the outskirts of
a galaxy, and different estimators can effectively be used
in a multi-tracer technique in the spirit of [45] to constrain
anisotropic non-Gaussianity.
We have forecasted the impact of this method for two
future weak lensing surveys, LSST and Euclid. Our re-
sults demonstrate that multi-traced intrinsic alignments,
combined with lensing and clustering of blue galaxies, can
yield constraints on the anisotropic non-Gaussianity pa-
rameter as low as ∆(b˜NGI A2) =47 , corresponding to 22%of
the single tracer constraint. However, the impact of the
atmospheric point-spread function on LSST might make
it difficult to obtain two different alignment tracers, or it
could result in a dependence of the relative alignment bias
on apparent magnitude. Euclid is in a better position, due
to the absence of the atmosphere, to perform shape mea-
surements at different galactic radii. On the other hand, a
tomographic approach has the potential of further shrink-
ing the uncertainties in the non-Gaussianity parameters,
as demonstrated by Ref. [50] for A0.
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